FMBERKRFFE® Acta Universitatis Medicinalis Anhui 2022 Oct;57(10)

- 1513 -

) 25 1 R BT 1E] . 2022 - 08 —30 13:29 K% B B3 ik hitps : //kns. cnki. net/kems/ detail/34. 1065. R. 20220829. 1636. 001. html

CEMEFHR O

REHE - BAEALEREAARKEYEREENG &
RIBERER 3T

28 5= A = ol SR U ST [ 7

WE BM SR O (PVA) L %K (BC)
52 TR 0y o W P e o 2 A0 S BRUVR i B &
A 4 R 5 A 5 T RIS LA SRt i 2 4 TR A 1 o
BRI ATME, ik A DU 5 B 5 [F] ) PVA-
BC LIR M K 4l PVA JEE SR 7 A 52 560 1A [ B o) & 031)
FESBThR BRI RRE A IRA R T L8k
MR ASThR g BT hi R E e K2 G ] K 2l PVA
JEELH A B L4549 . X PVA (BC Al PVA-BC B4
JEIEAT X B AT B AVE B AR 20 AN 6 A, 43 DK R
AR NIH/3T3 4537 )5 H CCK-8 YA AN 4% 20 41 M A7 %
BOMEHA YA, &R HI& LY PVA-BC EH
JIEE X SRR AT S AN S AR 21T S GRS S BT s B A R A
TE PVA MR LT 46 R A RPTHBR BRI RE BC L3 in
RGN, 25 PVA Fl BC Fit /-8 b 10 « 7 BB H s i
K,iE(155.5 £14.7) MPa,Z4 A FMmER(13.8 £1.2)
MPa, Z0MEEE3R55 1.4 .7 KJ5 PVA-BC 245 4l PVA I &%
SHHAZETLEHBEEF(P>0.05), it PVA-BC IR
TRA T ¥EA—E MR X BRI YA, A
— 7 B IR R R AT 5

KB  WOIBEE MR IR 5 A g5 Rt
FESES RS2

XEAAREE A XEHS 1000 - 1492(2022)10 - 1513 05
doi:10. 19405/j. cnki. issn1000 — 1492. 2022. 10. 001

5| P P (guided bone regeneration, GBR)
HORC LN AR BB 5 1A 1 DA 5K
MRAYY T 5 . BRI PR I A e Bl DAy ml i i A=
I FETENLBROR B 55, 25 5 SE FLOF R A i i
5 2 (polyvinyl alcohol, PVA) J&— iy B il /iR
LR AT, TC 0 TCRE TCHE T | vl g fige i)

2022 - 05 - 23 U
BT H  HEK A AR A (5 :31870969)
PR B R R R O B 2 B, 2R R R A7 s O s =
Bt , LR D SRR E A R %, A 230032
> LISSE R A B R B LN REBE - F R 2B
FESMBE, BT OB s S %, B 200001
e T IR, L g A
2%, B, FARE N, T4 A S, SRR E-

mail ; zdhyy@ ahmu. edu. cn

KR LS 2> TR E Y. PVA Fr R 3 ok it
REAEAR ™ AR Th BAT AR 242 0 1 491 43 4K
Ui R AR TRk R L R 2 e kA
MF T4 Z (bacterial cellulose, BC) J&—Ff KR
i s RN W I S el P Y N
AR BC ORI TR A4 R HHA IR
SERRAVE, I A AR | i TR R K BE )
DA KRR A IR £ GEAR 2548, 78 B2 okt (A TR
KA KA ) R AR A5 45 B AT )z 8 1 T
SO T R BRI IR 19 8% PVA
Y5 BC LR, il PVA-BC AT WA Wy Bt B, %o
FLW SR BE R AR WU AR S VEHEA T A 5 IR AR R
R L2 TR A ) o W B 1) P A7 e, SR g R i DR g
P —Rh ke,

1 #RE7GE

1.1 SEI##E PVA 1750 +50( b 76 25 4 A4k
AR R AR BC(AERG, BTRLT A AL RHE i
AR E, i), B IG 8ZF 4 40 i ( NTH/3T3
AN, R B AR ) .

1.2 RXFIFNEE DMEM BRI AL & ( 35 [ Hy-
clone 22 F]) ; i34+ 135 (3£ Gibeo A ] ) ; CCK-8 Ik
R (H AR AL F A 2EBEGE D) 3 F12F T RS
KL(5565A , 35 E BEHRF A A ] ) 5 CO, TFAE (25
Thermo 23 F]) ; FH# HL 8% ( Suprad0 , FEE £ E] A H ) ;
X FHRRTHHY (X Pert3 Powder, faf = MAZARL A F] ) 5
fHE LI AR 46 21 AR S35 A ( Nicolet 8700, 3¢ [E #4H J@
AR AT S BEARAL (S E Bio-tek 247 .

1.3 HEEH & BJEECH 1 o/L PVA B, IR
PVA B IIA LB FK T A#EF, 7E 90 C T
F£3 h IR15EW PVA . % BC AR A
2 PVA W, 20545 PVA: BC i /- 8k
10:3.10:5.10 : 7,10 : 9 WYV, TPk 2 h JE Y
5] PVA/BC ZootHiRW , & T HS N Z IR E IR
SN, ARG IR GBI A RS SR I P EE G
GFF 24 h TR, DL 1,



- 1514 -

FMBERKFF® Acta Universitatis Medicinalis Anhui 2022 Oct;57(10)

1 PVA-BC EABEHERARRES

1.4 AR RS A 525605 A T g ) 240
HL(Instron 5565, 3 ) #E47L, {# H 500 N #E Jj
FEJe% R 0.01 mm/s, ZIERES (50 mm x 3
mm) FEEMAIE F IR, AR E R 6
W, BRI B B K 52 A AL, B 90T ) 4 1o DU A
SRR T 2B Tk 1 b, [RIRERY 5 I R S R
s PR B BT 22 ) A LA N T — R AR 4
L EAIARIENES S

1.5 MR ERGUHRIE R E A AR
4fi PVA JBREALFE S, 724 D05 Wi 5 W 24w , 280
TIRE S 4 S TR I R B UL V9 A T ) R
5K, SR X SEAT S AT A A PVA  BC
F1 PVA-BC #4453 B 4 0. 2°/min, 7E 5° ~ 55°
(20) JE I N#HAT 4T, 53514 PVA BC F1 PVA-BC
TR R L I AR R 2T AN B R AT 45 1043
Mr, RAEP AL A 500 ~4 000 ecm ™',

1.6 HMPEHEBFMEIE  RH CCK-8 M MAEXT
YH LG FE RE ) RS T RE I, IR B A K A
BELLFNSl PVA AL, 253 3R Ry S 56 4 A0 B
S | 4 IR [ BRbR E 4120 (1SO/EN 10993-12)
FUE SRIOR PRI B KRS 1) R AL i o0 512
WFF 10% M4 M3E M 1% 5 5% R/6 5 20
DMEM Kige e #5585 SR B L Bh 1 ¢/10
ml,24 h 5 R 5L, ] 96 fLAk , NIH/3T3 24
&R, A0 ML 1 x 10* A4S, 25 (1 % R 2 41
WA R R SR R % | P4 S 560 A R 5 565 20 440 i O
G I R AL 100 wl B4l PVA JIE 40 s i
ORI A R SR, BB A5 5 N AL, 7
37 C 5% CO, HEFFPHESR, 147 KX E
% 10% CCK-8 ) DMEM, &L 100 wl,37 C 5%
CO, #5552 h, FESFRYAE 450 nm Kb 52 B S
(optical density, OD){H,

1.7 SitZA38 (i SPSS Statistics #AFHEAT4E
T, FTA R UL « £5 8, RV R

IR A UL R 25

Gt E X,
2 GR

2.1 HABRMAGEEMLLE K2 M5 A e
s b T — AR R S BN B, FE— g LN Bl
% BC SrEmyHAn, PVA-BC &4 I BT 5 5 -t 18
N, 24 PVA 5 BC B4 8tk 10« 7 B, 2 A
TR B TR B B K (155.5 £14.7) MPa, B & & T
4fi PVA JI5(56.0 +6.7) MPa, FifiJ54ksisin BC &y
O PP RET R T, S U ERA G EE L (F
=67.239,P <0.001) ; i LL L 7R, 40 PVA 45
10:3.10 : 5,10 : 7,10 : 9 PVA-BC 4[] & 76
it L (P <0.05),10 : 7 PVA-BC 41510 : 310
5,10 : 9 PVA-BC 4R Z 5 A FIT2EE L (P <
0.05),B04 PVA 5 BC FiE/m4tbh 10 : 7 1F, A
JERPTRRIE R, %5 185 GBR BESL bl A A 4
MRASFREE BT S HUhiss B i KAy 10 © 7 PVA-BC fi
MRS T2t B 2C 2D oRIgs T
BATEREE RS (13.8 £1.2) MPa,

2.2 i{HRAE 20 PVA WA PVA-BC & AR
REWTTE FL e T OULER 45 L s, PVA T8 7 T ' i
% JLF AL (K 3A 3B) , IR I PVA-BC (4
bRiF T T S MRS T4 PVA I 2 2454 30 um, BC
(I RBAG T R4 A6 1) B J | B 5 900 P T, 45
LW, PVA SN A BC )5 1) 0 R s A i i 34 47
PEm, R XEL R A RN 2 00 43 B 15 D, 3% A
o PVA 1 BC /3t R 47 (181 3C .3D) ., XRD 451 i
TR G LR S 7 R 2T T 23 SR PVA BYARRIE
I 19°F1 BC i) 3 PMHFAEIE 14° 16°F122°, K 3F
INEANEAE 3 410 em ™A T AN TERE B IR IS FE
2939 ¢cm™' 1424 em™' 1 142 em ™' (1 093 ¢m ™' Al
851 em ' BIAEAE I  RIIE G IS PVA 25
X, BEAMEAE 3 400 cm ™' .2 920 em ™' 1 643

AT, LA P <0.05 WERH



FMBEMKFFE®  Acta Universitatis Medicinalis Anhui

2022 Oct;57(10) - 1515 -

em ™' 1064 em " BEE AT BA S W TG | 6 B T4
Wy HAT AR 4 RO FRIEIE (] 3E) |

A
PVA
150 PVAIBC=10:3
PVAIBC=10:5
PVABC=10:7
PVA:BC=10:9
€ 100
2
R
2
£ 50
ia‘
0
0 5 10 15 20 25
Fir A1 A (%)
C
150
T&
TR
£ 100
=
R
2
E 50
ia
0
0 40 80 120
T A AR (%)

2.3 MMEFEXEER CCK-8 EBMLR T
N AL RIS 14 7 RAHH RIS 18] S AT AR

180
# i

*i
*#

—_
(3]
(=]

Fr 55 (MPa)
3

PVA  10:3 10:5 10:7 10:9

PVA-BC

w)
%)
S
S

150

Hi AR5 (MPa)
S

W
(=]

-
&

T2

B2 PVA-BC & §ERHALEENLK
A A5 HLRE S R HL AV LA g — N AR 2R 5 B . A2 RE S T8 1M 5 PVA AP <0.05;5 10 0 7 41 L04L . * P <0.05;C:PVA-BC &
B MR PRI R R ) - AR TR TR AXS L ; D PVA-BC & & I M Wi 2407 (TR A%t

A B
E

PVA
5
=
=
bt
+

= BC

PVA-BC

20 40 60 80
FT4 41120(°)

C D

F

PVA

BC
S
B
e
%

PVA-BC
4000 3500 3000 2500 2000 1500 1000 500

PHr(em™)

3 PVA-BC ESEMRM TR 53 4> #7
A B4l PVA WA ; C D PVA-BC B A IEHA; E. PVA-BC Z AN X FIRATHIEE R ; F. PVA-BC & A BRI B A8 21 S) 5tk 25



- 1516 -

FMBERKRFFE® Acta Universitatis Medicinalis Anhui 2022 Oct;57(10)

NIH/3T3 40 7EZS 0 BRZH | BH M S 56 21 Fn S 56 2]
FRORAE T 32 1 I 34 B 7K, A [ B[] 45 40 OD fH
ERW XG4 BEL(P>0.05) ,WE1, WH
PVA-BC #ifEE AT R AT E AR E

1 EBAEMBS NIH/3T3 LI F R R EE
B OD ELb (n=5,x%5)

251 E BN YN NN
S 1.50 £0.058 1  2.65£0.0576  3.28 +0.014 4
BAMESZE  1.45+0.0978  2.66+0.0882  3.30 £0.025 3
ZEHNEE 1.51+0.1327  2.61£0.0662  3.27 +0.037 9
P 0.566 0.463 0.197
F1H 0.598 0.89 1.863

3 iFig

GBR FA 1 (1) J57: s JEER Pl 3 < iy A 2
MR AR E AL BT, IR BB VE T, e
REF B HSNEE SHAERSER ., Bt HY
GBR ] 43 Ay ] W SRR AS ] W2 AT A, AS T g A s
SR ELA B INRRE ML RE LA B LR e 1 BB
B AT E IR TFARBGE 53 AMUAETEAR J5 2 5
(1R T 50, DTS00 T RB 3 1) R ) 497 S B 44 2R T
PR XU ) 5 AT Rz AT B g K 4R A Ak Ak A B, A
RJG—EmH (2 JA B IUAH A ) 58 R, T
TRFARBU  AE— 7 B ] Y A RLBH AR T FRd 8Lt
NEAEE XS, T HE T 8T B, H A i
Yy B BRI AE ML 5 B AN 2 11 ) AL, 5 B A R 1 2
R G R8O | e ) o K T AR B i 18 L
@( B/ T >5 mm)

L, AT PVA R BC IS AN [R] E
BIRABEFER £ PVA-BC M, 5 76 i 45 H o A ]
REFEAUPERE GBR I, PVA A B HA & 35K P
RS I F1 24 PERE , o7 HLIR ToK, B R TR
fif Pk Je—Fp A WA 2 R AP KB, B A I
=i A RO BC ZEAE WM RIS A 5 T
ZWNH A AR TR SRR MR LR
LRSS, B 2 mig Y e,
R AWML RS BC Al KK 5 AW ALK
PERE, AT 72 M9k & A ARG S8R TR )
I ARESE B FE i 25— R LT PVA IE S48, B
PVA YERFELL A, TR BC 1E 458 44 K 41 KL, BC
ALl T R A S PVA R AWK K A 5 5
HIREAEF 8 PVA FI BC 244 K 21 4k 2% 1 2 1 4 [
R LT, T AR I A 9k = A R 52 i

& I HEAT R, 24 PVA 5 BC Bif 204kt h 10
27 B, A BRI B R B B K (155.5 £14.7)
MPa, I4h, PVA F1 BC 1) 55 PR 7K A 3 EL AT 2 6%
(R B AR v, BUZ iR 4, MR S P o
FEHR(13.8 £1.2) MPa, it 3 & T8 Bio-Gide X
JRE 1. 16 MPa'"', R, % E A AR ST T
W HA— R, YA R PVA-BC i
HA R e,

25 L TR AR i S AR I & PVA-
BC B A B IR B ENUMERE L], % Hegh 44 |
A AT RAE AT AE AR AR, 452
T XA A AT B S AU RE , BRI
PERAT, HA B GBR BRAEEM BT, T —%
Vo388 3 A P K B ) S 0t — 28 W LA 2Rl e
B2 5 mAYER,

[1] Elgali I, Omar O, Dahlin C. Guided bone regeneration ; materials
and biological mechanisms revisited[ J]. Eur J Oral Sei, 2017,
125(5) ;315 -37.

[2] Aslam M, Kalyar M A, Raza Z A. Polyvinyl alcohol: A review of
research status and use of polyvinyl alcohol based nanocomposites
[J]. Polym Eng Sci, 2018. 58(12) :2119 - 32.

[3] KimJ W, Chang J H. Syntheses of colorless and transparent poly-
imide membranes for microfiltration [ J ]. Polymers ( Basel ),
2020,12(7) :1610.

[4] Hosseini M' S, Nabid M R. Synthesis of chemically cross-linked
hydrogel films based on basil seed ( Ocimum basilicum L. ) muci-
lage for wound dressing drug delivery applications[J]. Int J Biol
Macromol , 2020,163:336 —47.

[5] JH B EEARARARZ % PR A A B & K R AR
[J]. ZRUERR 2240 ,2021 ,56(11) :1692 - 6.

[6] Retegi A, Gabilondo N, Pefia C. Bacterial cellulose films with
controlled microstructure - mechanical property relationships[ J].
Cellulose, 2009,17(3) :661 -9.

[7] Klemm D, Cranston E D, Fischer D. Nanocellulose as a natural
source for groundbreaking applications in materials science: To-
day’ s state[ J]. Mater Today, 2018,21(7) :720 —48.

[8] Biological evaluation of medical devices-part 12: Sample prepara-
tion and reference materials: ISO 10993-12. 2021 [ S/OL ].
[2021 -01]. http://www. iso. org/obp/ui/#iso;std ;iso; 10993
-12:ed -5:vl ;en.

[9] Napavichayanun S, Yamdech R, Aramwit P. The safety and effi-
cacy of bacterial nanocellulose wound dressing incorporating sericin
and polyhexamethylene biguanide: in witro, in wvivo and clinical
studies[ J]. Arch Dermatol Res, 2016,308(2) :123 - 32.

[10] Jia Y T, Gong J, Gu X H. Fabrication and characterization of poly
(vinyl alcohol ) /chitosan blend nanofibers produced by electro-
spinning method[ J]. Carbohyd Polym, 2007,67(3) :403 - 9.



FMBERKRFFE®  Acta Universitatis Medicinalis Anhui 2022 Oct;57(10) - 1517 -

[11] Klemm D, Kramer F, Moritz S. Nanocelluloses: a new family of ternational research into cellulosic fibres and composites[J]. J
nature-based materials[ J]. Angew Chem Int Ed Engl, 2011,50 Mater Sci, 2001,36(9) ;2107 -31.
(24) 5438 - 66. [14] Zhang K R, Gao H L, Pan X F. Multifunctional bilayer nanocom-
[12] Osterberg M, Cranston E D. Special issue on nanocellulose-edito- posite guided bone regeneration membrane [ J]. Matter, 2019, 1
rial[J]. Nord Pulp Pap Res J, 2014,29(1) :4 -5. (3):770 -81.

[13] Eichhorn S J, Baillie C A, Zafeiropoulos N. Review: Current in-

Preparation and characterization of poly ( vinyl alcohol ) /bacterial

cellulose guided bone regeneration composite film
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Abstract Objective By testing the tensile strength of the poly(vinyl alcohol) (PVA)/bacterial cellulose (BC)
composite membrane and its effect on the proliferation of mouse embryonic fibroblasts, its potential as new bone tis-
sue engineering membrane were studied. Methods PVA-BC films of different proportions and pure PVA films were
prepared by self-evaporation method. The tensile strength of each group was tested. The group with the highest ten-
sile strength was immersed in deionized water for 0. 5 h to measure its wet tensile strength. The microstructure of
pure PVA film and the film with the highest tensile strength was observed by scanning electron microscopy (SEM).
X-ray diffraction and Fourier transform infrared (FTIR) spectroscopy were used to analyze pure PVA, pure BC,
and the film with the highest tensile strength respectively. Cell counting kit-8 ( CCK-8) was applied to detect the
survival rate in the blank control group, the pure PVA film group, and the composite film group with the highest
tensile strength. Results PVA-BC composite films were successfully prepared, X-ray diffraction and FTIR analysis
revealed the co-presence of PVA and bacterial cellulose in the composite film. The initial tensile strength of the
composite membrane increased with the BC ratio. When the concentration ratio of PVA to BC was 10 : 7, the ten-
sile strength reached (155.5 +14.7) MPa, and wet samples reached (13. 8 £1.2) MPa. The CCK-8 test of NIH/
3T3 showed that there was no significant difference among the PVA-BC composite film group, pure PVA group and
blank control group after 1,4 and 7 days of cell culture (P >0.05). Conclusion PVA-BC film fabricated by
blending method obtain certain mechanical properties and biocompatibility in both wet and dry states, which may be
an appropriate candidate as a GBR membranes for clinical application.

Key words poly (vinyl alcohol) ;bacterial cellulose ;solution blending ; biomimetic structural materials



